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By 
Sonoko O h w a k i C *~IFr )* 
(Women's Junior College, Saikyo University, Kyoto) 
PROBLEM 
In my own preceding paper on size constancy phenomena0 , I pointed 
out that the retinal size of the object does not correspond to its visual 
angle and that accommodation functioning between visual angle and retinal 
size is one of important factors in size constancy. Then the following 
formula which corrected Boring's law of visual angle, was introduced. 
R · 1 s· A d . y· l A l Physical Size etma 1ze +- ccommo ation +- 1sua ng e ex. Physical Distance 
But this formula can be only applied to some particular situations. It 
was found in many experimentations the perceived size of the object was 
not identical with its retinal size and was affected by many other psycho-
logical factors which were not expressed in this formula. In consequence, 
the perceived size does not correspond to the retinal size introduced above. 
Is the retinal image of the object modified by the perceived distance or 
perceiver's past experience in cortex then? But one can assume that they 
affect directly on crystelline lens. If they should do so, the perceived size 
would correspond to the retinal size. It seems that the previous investi-
gators who experimented on size constancy under the conditions of various 
perceived distances have assumed cortex modifying retinal image and con-
cluded constancy as a central precess2, 3 ,4, 5, and 6 l. In fact they defined con-
stancy phenomena as such a one that perceived size does not correspond 
retinal size. In spite of this definition the basic problem of retinal image 
to which the perceived size is reduced by use of the reduction screen has 
been neglected. But what retinal image is, and by what it is determined 
are important problems to be answered in the first place. This is a reason 
why constancy phenomena have not yet been explained completely. 
However is it appropriate to assume that centre modifys or corrects 
retinal process, in other words, function of cortex separates from that of 
peripheri, or they are functioning oppositely? The sensory nerve centre and 
sense organ are on the contrary acting as a whole, and never act indepen-
dently, at least in higher sense organ as eyes. This discussion is very 
important one not only for constancy problem but also for perception in 
general. The validity of this point of view seems to be shown in some 
experimental results for example one of figural after-effect7l. 
"' The author wishes to express her deepest appreciation to Professor Yoshikazu Ohwaki 
for his suggestions. 
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If, on the other hand, the perceived size of object should correspond 
to its retinal size, its perceived distance would correspond to retinal size 
and to accommodation which determine retinal size when they are related 
to distance. Among these, the visual angle subtend by the object is defined 
by physical size and physical distance of the object, that is, objective value, 
then it has not any relation to apparent distance. According to Ittelson and 
Ames8) though it was suggested by some writers that there was some 
relation between accommodation and perceived distance, no experimental 
evidence was shown until they did. The question will be solved by the ex-
perimentation taken under the condition of perceived distance differed from 
physical distance. They presented playing cards of various sizes at same 
distance from an observer, and measured the observer's accommodation and 
convergence when each playing card was fixated. Their results showed 
that accommodation coincided with the perceived distance of the object. 
Their experiment is based upon former experimental finding that the visuaJ 
angle was a determiner of perceived distance of some familiar objects. 
The purpose of our own experiment was to certify that accommodation 
depends upon perceived distance of the object and one's experience concer-
ning its distance. The experimental condition used here was that, to 
the contrary to Ittelson's one, physical distances of each object were not 
the same but their perceived distances were identical. The refraction index 
was estimated by the sizes of after-images obtained from objects which 
subtended same visual angle to observer's eyes. By means of assuming that 
the size of the after-image is a representation of retinal image, it was 
possible to compare each size of retinal images applying the Emmert's law 
to measured size of after-image. Of course there are some difficulties to 
consider the after-image as representing retinal image. They will be treated 
in another report. In the present experiment, they will not be considered 
here because the conditions used were identical concerning the after-image 
itself. 
From the above consideration, the followings were assumed. 
(1) Even if the visual angles of objects are identical, the retinal sizes of 
them would not be identical, if their distances from observer are not 
identical. The retinal size of nearer objects would be smaller and farther 
one's be larger. 
(2) The differences of retinal sizes that are obtained on above condition, 
would disappear, and identical size would appear, if identical accommodation 
should be held to nearer and farther objects. 
(3) If the perceived distances of objects which are not identical in their 
physical distances and which subtend identical visual angles to the observer's 
eyes, should be identical, their retinal sizes would be identical. Because 
accommodation depends upon perceived distance of the object. 
(4) Under the same condition as above, that is, the perceived distances are 
identical, but if the observer should know the physical distances of the 
objects, the size of their retinal image would not be identical. Because it 
is assumed that accommodation depends upon his knowledge of their dis-
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tances. 
Above four assumptions are tested by means of following experiment-
ation composed of tour series. 
EXPERIMENTAL PROCEDURE 
The red card-boad squares were used as the stimulus objects of after-
image in Series I and II and square pieces of glass to which black paper with 
square opening were attached and illuminated in red from behind were used 
in Series III and IV. The intensity of the illumination of the glass square 
was determined at the level that any object of surface except stimulus 
object was not visible by observer and that clear after-image was obtainable. 
The size of each stimulus object and the distances of their presentation 
were shown in Fig. l. They always subtended visual angle of 4°34' for 
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Fig. I Diagram of Experimental Situation so that they may be seen 
as high as observer's eyes. The observer's head was fixed by head rest. 
Each stimulus square was pesented for 20 seconds to the observer one at 
a time. Immediately after the presentation, the stimulus square was taken 
away by the Experimenter and an after-image was projected on the centre 
of gray projection screen which stood at one meter's distance from the 
observer by the Experimenter. While the Experimenter adjusted the width 
of compass on the screen, the observer was asked to indicate the moment at 
which both points of compass just touched at upper and under outlines of his 
after-image. Then the width of the compass was measured and recorded. By 
means of this measuring method I could get exact size of after-image. In 
Series III and IV a two watt milk white glass lamp was turned on in order 
to illuminate the projection screen and to make measurement. This illumi-
nation did not affect the experimental purpose. In each series four stimulus 
squares were used in randum order. A pause about three minutes was taken 
between each four observation. As twenty measurements of after-image 
were obtained for a stimulus object, and twenty measurements were taken 
a day, it took an observer four days to go through each series. By means 
of the above mentioned basic apparatus and procedure, the size of after-
image was measured under four sereis as follows : 
Series I. Observation with distance cues : This condition was introduced 
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to test the first assumption. The experimental condition was as above, and 
it was taken in a light room. 
Series II. Observation with distance cues fixating a definite point ; This 
is to certify second assumption. The experimental condition was the same 
as one of Series I, except that in this Series fixation point was always set 
up at the 40 c,n distance from the observer and at the hight of his eyes. 
Series III. Observation without distance cue : This is for assumption 
third. At the observation of stimulus object, no environmental object was 
visible by the observer. The observer should close his eyes during interval 
between a measurement and next observation, so he did not know about the 
physical size and distance of the object. It was taken in a completely dark 
room. 
Series IV. Observation without distance cue but with knowledge about 
distance. There are many ways to give knowledge of distance. In this series 
it was given by showing him the apparatus. No instruction and suggestion 
of distance was given. Experimental condition was as same as in Series III 
and no distance cues were given to observer. But he could or had to watch 
Experimenter's operation between measurement of after-image and next 
observation. 
The same observers took part in four series. They were five except in 
the last Series, students and members of Psychological Institute of Tohoku 
University. They were well trained in psychological experiment but not 
informed on the purpose of this experiment. The experiment was carried 
out at the Psychological Institute of the University. 
RESULTS 
The mean sizes of after-image in four series were shown in Table I to 
4 and Fig. 2 to 5. According to Emmert's law their expected size is 8cm. 
It was observed summarily that though there are some individual differences 
in absolute size of after-image, they tend to show similar pattern within 
each particular series. Then it is better to examine those series one by one. 
Series I : As shown in Table I and Fig. 2, though there are some diffe-
rences in each observer's measured size of after image, their lines connec-
ting the sizes of after-images of stimulus A, B, C and D, are not parallel 
Table 1. Mean Size and S. D. of after-image in Series I ( condition 
with distance cues in light room J. 
~ Ohr Ob2 
DistanceMean Conf. Mean Conf 
Stimulus of size of SD of size of SD of 
square stim·1Ius A. I. diff A I diff 
A 
B 
C 
D 
5gml 75. r o. 92) 78. r1&. 16) 
0.01 0.01 
75 78. 1 (2. 72) 81. 7 (2. 51) 
i 0. 01 0 01 
150 I 82. 7 (2. 71) 84. 3 (2. 27) 
I o 01 · o 01 
200 i 85. 3 c2. 83) I 86. 6 c2. 05) 
I 
I 
'------1--------
Mean Conf. \Mean Conf. Mean __,ont. 
size of SD of size of SD of size of SD of 
A T. diff I A T diff A I. diff 
mm 
84. 8 (2. 59) 
0.01 
86.9 (2.44) 
0 01 
91. 1 (2. 77) 
0.01 
94.3 (2.67) 
mm 
77.3 (3.06) 
0 025 
79.3 (2.72) 
0.025 
81. 3 (3. 01) 
0.025 
8.3. 5 C 4. 15) 
mm 
77. 0 (2.87) 
0.01 
79 8 C 1. 61) 
0.01 
82. 5 (2. 75) 
0.01 
854(263) 
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Fig. 2 Mean Size of After-Image in Series I (Observation in 
Condition with Distance Cues in Light Room). 
to the line of Emmert's law. The size differences of after-image between 
stimulus A and B, B and C, and C and D are statistically significant with 
confidence higher than 99 % in 4 out of 5 Observers and higher than 97. 5 % 
in one out of 5 Observers. The range of size difference of after-image 
between stimulus square A and D are 6. 7 mm to 9. 8 mm. The standard 
deviations of measurements are not so large. 
Series II, In this series the fixation point was nearer than stimulus 
square in distance from the observer. Because of this special observing 
condition, the development of clear after-image was rather difficult. But 
after several trainings of observation, it was possible for all observers to get 
clear after-image in the same degree as in the other series. And according to 
Observer·s introspection, after-image spread in width, and in stimulus square 
C and D, two images were projected. But these phenomena did not give any 
trouble to measurement. For we measured not the width, but the length of 
the after-image. As shown in Table 2, there is no significant difference 
between mean sizes of after-image of each stimulus square. By Fig. 3, one 
Table 2. Mean size and SD of after image in series II (condition with 
distance cues fixing a point of 40cm distance in light room). 
~Observer Ob1 Ob2 Ob3 Ob4 Ob5 
Distance Mean Conf. Mean Conf. Mean Conf. Mean Conf. Mean Conf. 
Stimulus of size of SD of size of SD of size of SD of size of SD of size of SD of 
square stimulus A. -1. diff. A. -I. diff. A. -1. diff. A -1. diff. A.-1. diff. 
cm mm mm mm mm mm 
A 50 80.4 (2.13) 79.5 (3.34) 87.3 (2.78) 79. 7 (3. 84) 71. 9 (3. 09) 
not sig not sig. not sig. not sig. not sig. 
B 75 80.1 (3.31) 78. 5 (3.96) 88.3 (2.83) 78.0 (3.37) 72.0 (3.78) 
not sig. riot sig. not sig. not sig. not sig. 
C 150 80.1 (2.43) 78. 3 (3. 36) 89.2 (1. 23) 78.9 (3 57) 73.3 (2.97) 
not sig. not sig. not sig. not sig. not sig. 
D 200 80.4 (3.03) 79. 5 (3. 79) 89.3 (2.19) 78.l (4.46) 73.5 (2.69) 
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can find out that the lines connecting the size of after-mage A, B, C, and D 
are parallel to the line of Emmert's law. According to this result it is 
assumed that the differences of after-images A, B, C and D found in Series 
1 are caused by different grade of accmmodation of the crystelline lense for 
each stimulus square. 
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Fig. 3 Mean Size of After-Im.age in Series II (Observation in Condition with 
Distance Cues Fixing a Point of 40cm Distance in a Light Room). 
Series III : The reslut of this series was shown in Table 3 and Fig. 4. 
Observer 1, 3 and 5's lines which connect mean size of after-image are 
parallel to the line of Emmert's law. The significant difference between 
after-images B and C in observer 2 is opposed to stimulus size. But there 
is no significant difference between after-images B and D. Then one can 
consider that the observer 2's line is parallel to the Emmert's law. The 
observer 4's result apparently increases gradually following stimulus distance 
but there is no significant difference except between B and C. According to 
the observer's answer to experimenter's question which was given them after 
the Series, they had some vague sense of distance difference between nearer 
and farther stimulus objects. But no one could say what were their distances 
Table 3. Mean size and SD of after-image in series III (condition 
without distance cues in completely dark room) 
~ Obi Ob2 Ob3 Ob4 Obs 
Distance Mean Conf. Mean Conf. Mean Conf. Mean Conf. Mean conf. 
Stimulus of size of SD of size of SD of size of SD of size of SD of size of SD of 
square stimulus A.-1. diff. A.-1 diff. A. -I. diff. A.-1. diff. A.-1. Diff. 
cm mm mm mm mm mm 
A 50 77.5 (5.42) 79,4 (3.24) 85.2 (2.67) 70.6 (3.97) 81. 4 (5. 63) 
not sig. not sig. not sig. not sig. not sig. 
B 75 78.8 (5.69) 80.9 (2.68) 86.3 (2.54) 72.5 (4.90) 82.6 (7. 76) 
not sig. 0.05 not sig. 0.05 not sig. 
C 150 79.3 (5 14) 79 1 (2.91) 86. 7 (2.52) 74. 9 (3. 93) 82.9 (5.85) 
not sig. not sig. not sig. not sig. not sig. 
D 200 78.3 (6. 91) 80.1 (2.66) 86. 4 (2. 74) 75.6 (3.10) 82.4 (8.33) 
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Fig. 4 Mean Size of After-Image in Series III (Observation in Condition 
without Distance Cue in a Completely Dark Room). 
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and how many stimulus squares were used. They reported that stimulus sizes 
were al ways appeared as same size. 
Series IV: The sizes of after-image measured in this Series were, as in 
Table 4 and Fig. 5, similar as those of Series I. They were not parallel to 
Emmert's law. Their differences were statistically significant with confidence 
99 % or 95 % with some exceptions. The size differences between after-
image A and D ranged from 5. 9 mm to 12. 2 mm. 
One can well compare each result of 4 Series in Fig. 6, which represents 
4 to 5 observer's mean measured size of after-image. 
Table 4. Mean size and SD of after image in series IV (condition without 
distance cues but knowing distance in completely dark room). 
~I Obi Ob3 Gb4 Ob5 
Distance Mean Conf. Mean Conf· Mean Conf. Mean Conf. 
Stimulus of size of SD of size of SD of size of SD of size of SD of 
square stimulus A. -I. diff. A.-1. diff. A. -I. diff. A.-I. diff. 
cm mm mm mm mm 
A 50 77.8 (2.66) 79.6 (2.20) 70. 1 (2.46) 73.5 (3.56) 
0.01 0.01 0.01 0.01 
B 75 80. 6 (2.36) 82.8 (2. 19) 73.1 (2.39) 77. 8 (4. 05) 
0.05 0.01 0.01 0.01 
C 150 8~. 2 (2. 71) 85.3 (2.32) 75.5 (2.68) 82.g (3.11) 
0.05 not sig. not sig. 0.01 
D 200 83.7 (2.54) 86.0 (2.00) 76.9 (2.78) 85.7 (3.55) 
DISCUSSION AND CONCLUSION 
The result of present experiment demonstrated the assumptions which 
were taken as the result of our preceding experiment; (1) When distances 
of some objects which subtend identical visual angle to observer's eyes are 
not the same, their retinal images are not the same. The nearer the object, 
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the less the retinal image ; a farther object has a larger image. (2) But if 
the accommodation is kept constant, their retinal images are identical in 
size. (3) The accommodation does not depend upon physical distance but 
perceived distance of objects. (4) Furthermore in some experimental condition, 
it depends upon observer's knowledge about distance. 
These results have close relations with the size constancy. The present 
results support my preceding experiment1>. According to previous experim-
enters, in the experimental situation in which primary distance cues act, for 
example, binocular observation and succesive observation, higher constantly 
indexes were obtaied. Among these causes primary cue related to size 
perception is mostly accommodation. Though in his expriment on distance 
perception Hermans9)10) emphasized on pupilary reflex only, experimental 
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conditions provided to get various pupilary reflexes by him, at the same 
time caused various accommodation reflexes. The secondary cues, that is, 
apparent distance and past experience, affect on accommodation, one of primary 
cues. Hastorf's experiment11> has shown that apparent size of object varied 
according to environmental objects are presented or not observing situation. 
His experiment was to reproduce the apparent size of stimulus object in such 
condition as Series I and III in our experiment. And his result is similar 
to one of our experi ment in principle. Then the presence of environmental 
stimuli in visual field affect on accommodation reflex. Accordingly we may 
consider that the apparent size of an object is determined by retinal image 
which is provided by visual angle and accommodation. 
By Series IV of this experiment, accommodation is affected not only by 
the apparent distance during observation but knowledge of the experimantal 
situation and distance of object. The observer's knowledge of the experimental 
situation is due to his past experience. In this experiment the knowledge 
was given to the observer by letting him see the experimental apparatus. If 
the knowledge should be given to the observer by experimenter's instruction, 
the same result would be attained. Further it is assumed if the instruction 
should be only suggestion, that is the instruction is not identical as physical 
experimental condition, the effect to accommodation would be the same. 
There is another experiment which shows that observer's experiences as 
assistant of its experiment increased his constancyl2). This phenomenon is 
well understood by present experiment. His experience in the experimental 
room affected on his accommodation. 
This finding related with the origin of constancy. In our previous paper1 >, 
the writer emphasized accommodation as a physiological factor. But acco-
mmodation is affected by psychological factor. And size constancy is esta-
blished by experience as well as heredity. 
The factors found in this experiment should be added to the formula 
which was described at the biginning of this report as follows ; 
R t . l s· .L__ A d · y· l A l Physical Size e ma 1ze ~ ccommo at10n ,(-- 1sua ng e oc Ph • 1 D" t ys1ca 1s ance. 
1'{Perceived Distance 
- Knowledge of Distance 
This scheme shows that the perceived distance and knowledge of distance 
which were formerly considered correcting retinal image in cortex, regulate 
retinal size through accommodation. But the relation of perceived size with 
retinal size is not yet known. And by what route perceived size regulate 
that accommodation is still an unsolved question. These problems will be 
studied in the forthcomming experiments. 
SUMMARY 
The purpose of the present experiment is to find out what factor affects 
the accommodation which is one of the causes of size constancy as demon-
strated in my previous experiment. 
The experiment was carried out through measuring the size of after-
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image under following observing c.)nditions: (I) environmental objects presen• 
ted to visual field and the observer can see the distance of stimulus object, 
(II) environmental objects presented to visual field and the observer can 
see the distance of stimulus object but during observation accommodation 
was kept constant by fixing a fixation point; (III) all environmental objects 
except stimulus object was eliminated from the visual field, that is, the 
distances of the stimulus could not be seen, (IV) the distance of stimulus 
object could not be seen during observation, though the observer knows it. 
The stimulus objects were four square card boards and transilluminated 
squares. They presented at the distances so as to subtend identical visual 
angle to observer's eyes. The size of after-image is assumed as an index: 
of retinal size of the object. Five observers were used. 
These experimental result proved the following : 
(1) The retinal size is determined not only by visual angle but also by 
accommodation. 
(2) Accommodation depends upon perceived distance rather than physical 
distance. 
(3) Accommodation also depends upon the knowledge and experience related 
to the distance of the object when perceived distance is ambiguous. 
Through these findings it is proved that various determimants of size 
constancy which correct, after many authers, retinal image, work upon 
accommodation and regulate immediately retinal size. It was considered 
that the factor of experience as well as physical factor is a determiner 
of size constancy. 
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RÉSUMÉ 
En succédant à mon étude précédente déjà publiée le but de celle-ci est 
de trouver par quel élément est définie l'accommodation de la prunelle de 
l'oeil, une des causes du phénomène de la constance de grandeur. 
Les stimuli employés dans l'expérimentation sont les carrés à quatre 
espèces de grandeur. Ils ont été montrés à la distance qui formait les 
mêmes angles visuels. 
En supposant la grandeur de l'image concécutive produite par ces 
carrés comme l'indice de la grandeur relative de l'image de retine, j'ai 
mesuré la grandeur de l'image consécutive sous les quatre conditions 
suivantes: 
(I) Les environnements sont montrés au champ visuel pour qu'on puisse 
clairement la différence de la distance des carrés. 
(II) On observe sous l'accommodation constante en regardant le même 
point quoique les environnements sont montrés au camp visuel pour que la 
différence de la distance des carrés soit perceptible. 
(III) Toutes les choses excepté les stimuli sont mises de côté du champ 
visuel et l'on ne peut discerner du tout la différence de la distance des 
carrés. 
(IV) La différence de la distance des carrés n'est pas discernable du tout 
lorsqu'on observe, mais l'observateur en sait la différence parce qu'il l'a 
vue à l'avance. 
Les résultats obtenus démontrent les faits comme suit: 
(1) La grandeur de l'image de retine est définie non seulement par l'angle 
visuel mais aussi par l'accomodation. 
(2) L'accommodation ne dépend pas nécessairement de la distance physique 
de l'objet mais plutôt dépendelle de la distance perçue. 
(3) L'accomodation est définie non seulement par la distance perçue mais 
aussi par la connaissance et l'expérience du passé concernant la distance. 
Ces résultats démontrent que quelques-unes des causes du phénomène 
de la constance de grandeur qui ont été découvertes à l'avance et qui 
étaient considérées de corriger l'image de retine produite exclusivement 
par l'angle visuel agissent directement sur l'accommodation et définissent 
l'image même de retine. 
De plus, j'ai montré qu'on coït ajouter, comme la cause du phénomène 
de la constance de grandeur, à l'élément naturel l'effet de l'expérience. 
ZUSAMMENFASSUNG 
Die Absicht dieser Arbeit war, ais Fortsetzung des früheren Berichtes, 
einige weiteren Erklarungen der Frage zu geben: durch welche Faktoren die 
Akkommodation ais eine Ursache der Sehgrossenkonstanz bestimmt wird. 
Die im Experiment gebrauchte Reize waren Quadrate von vierartigen 
Grossen; jedes dieser Quadrate bot man an jeder Entfemung, die denselben 
Sehwinkel machen sollte, dar. Die Grosse des jedes Quadrat betreffenden 
Nachbildes wurde unter den folgenden vier Bedingungen gemessen: 
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(1) Bedingung, unter der man die Differenzen der Entfernungen der 
Reizquadrate sehen konnte, indem die umstehenden Dingen im Sehfeld 
dargeboten wurden. 
(2) Bedingung, unter der die umstehenden Dingen im Sehfeld dargeboten 
wurden. Man kann also zwar die Differenzen jeder Entfernungen sehen, 
aber muss immer einen bestimmten Punkt fixieren. Infolgedessen ist die 
Akkommodation immer festgesetzt. 
(3) Bedingung, unter der alle anderen Dingen ausser dem Reizquadrat aus 
dem Sehfeld ausgeschlossen wurden, also die Differenzen jeder Entfernungen 
einem ganz undeutlich waren. 
(4) Bedingung, unter der die Differenzen jeder Entfernungen zwar einem 
im Fall des Beobachtens ganz undeutlich waren, aber die V p. sich schon 
vor dem Beobachten jeder Differenzen bewusst gewesen war. 
Die Resultate zeigten folgende Tatsachen. 
(1) Die Grösse des Netzhautbildes wird nicht nur durch den Sehwinkel, 
sondern auch durch die Brechung der Kristallinse bestimmt. 
(2) Die Regulierung der Kristallinse ist immer unabhängig von der physi-
schen Entfernung der Dingen, sondern viel mehr abhängig von ihrer 
wahrgenommenen Entfernung. 
(3) Die Regulierung der Kristallinse wird nicht nur durch die wahrgenom-
mene Entfernung, sondern auch durch vergangene Erfahrung und Kenntnis 
in Bezug auf jede Entfernung bestimmt. 
Es wurde mit diesen Resultaten bewiesen, dass einige Faktoren der 
vorher gefundenen Sehgrössenkonstanz, die früher für die Ergänzung des 
nur durch den Sehwinkel hervorgebrachten Netzhautbildes gehalten wurden, 
auf die Regulierung der Kristallinse unmittelbar wirken und das Netzhaut-
bild selbst bestimmen. Und wir haben auch erörtert, dass man als Ursache 
der Konstanz dem angeborenen Faktor den erworbenen hinzufügen solle. 
